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 The mitral valve, located between the left atrium (LA) and the left ventricle (LV), 
plays an important role in maintaining the heart function. It closes and opens 
alternately within a cardiac cycle under the coupling blood and varying pressure on it, 
which ensures an unidirectional blood flow from LA to LV. Correct function of the 
mitral valve depends on the synergy of the four substructures and their proper 
mechanical behaviors. The finite element modeling and simulation of the mitral valve 
is to mimic the dynamics of the mitral valve and gain a quantitative insight into the 
normal valve biomechanics and the interaction of the four substructures. Imaging 
techniques allow the visualization of the valves anatomy and motion, but it do not 
yield any information on mechanical stress on the valve. The finite element modeling 
method can fill this gap of the imaging technique. Besides, the noninvasive modeling 
and simulation method can also be employed to estimate the effect of the mitral valve 
repair, which provide ground for making operation scheme for heart valve surgery. 
 The thesis investigated the structure, material and function of normal and 
diseased mitral valve, as well as mitral valve repair, from a biomechanical standpoint. 
We built anthropoid mitral valve models and mitral valve repair models to study the 
mechanics of the valve, analyze the closure quality and stress distribution before and 
after repair and evaluate the validity of the surgery. 
 The main research contents of the present work include the followings. 
 1. Considering the defects of the existing models in valve closure position and 
chordae tendineae attached area, we developed a more accurate three dimensional 
normal mitral valve model using finite element method. In the model, the coaptation 
zone of the anterior leaflet and the posterior leaflet, attached position and shape of the 
chordae tendineae were close to the anatomy of the human mitral valve. Based on it, 
the working process was simulated, the stress distribution variation and closure 
quality was analyzed and the morphology and the movement of the annulus benefiting 














tendineae to valve closure, a model without chordae tendineae was implemented. 
Furthermore, the force distribution of chordae tendineae was considered, and the 
correlation between the force and the thickness of chordae tendineae was probed into. 
 2. Myxomatous degeneration is considered as the main cause of the mitral 
prolapse, and myxomatous leaflets are mechanically significantly different from 
normal leaflets. However, previous finite element models have seldom characterized 
the biomechanical changes in these leaflets. Herein, we developed an analytical 
constitutive relationship for the myxomatous mitral leaflet tissue, which was based on 
the continuum mechanics and layered composites theory. The constitutive model 
incorporated the layered structure of the tissue and the transversely isotropic response. 
The material constants of the constitutive equation were determined by fitting the 
model to the experimental stress-strain data of the leaflet tissue. The constitutive 
model was validated by finite element method. The material model could be the 
cornerstone of the repair modeling for degenerative valve. 
  3. Systolic anterior motion of the anterior leaflet is a complication of mitral valve 
repair. The edge-to-edge suture technique can cure this symptom, but the mechanics 
of it is lack of quantitative analysis to demonstrate the rationality of the surgery. In the 
present work, finite element models were developed to simulate a specific clinical 
mitral valve repair surgery.  The simulated surgery procedure concluded several 
actions such as quadrangular resection, mitral annuloplasty and edge-to-edge suture 
(secondary repair). Through comparing the stress distribution on the leaflet and the 
coaptation length between the model before surgery and the two models after surgery, 
the validity of the edge-to-edge suture to cure systolic anterior motion of the anterior 
leaflet was verified. 
In short, the thesis built several models including normal mitral valve model, 
myxomatous leaflet constitutive model and mitral valve repair models for the 
biomechanical analysis of the morphologies and function of the mitral valve 
components. These work contributes to a better understanding about the mechanics of 
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